Abstract The Mauritian tourism industry is interested in growing new markets and continues to strive for new product development. Existing geological attractions in Mauritius include the Seven-Coloured Earth of Chamarel and the Black River Gorges National Park, but there is much scope for showcasing the educational value of these attractions and further highlighting the geodiversity of Mauritius. In order to maintain quality and further develop geological attractions in Mauritius, such as volcanic craters, lava tubes, mountain landscapes and waterfalls, tourism plans need to be preceded by an analysis of existing infrastructure in relation to its utility and integrity, and explore the scope for on-site improvements in helping to foster geoconservation, visitor awareness and tourism satisfaction. The preparation of a geotourism development and conservation plan is essential to this process. As education and interpretation are fundamental components of geotourism, the way in which geo-information is to be delivered also needs to be specified in the plan.
Introduction
Mauritius is a well-established tourism destination, with visitors engaging in beach-related activities, snorkelling, diving, visiting offshore islands, hiking and sightseeing. Tourism has increased in Mauritius from 18,000 visitors in 1970 to 761,063 by 2005. In 2011, tourist numbers peaked at 964,642, but there have been declines in traditional sources of visitation from Europe (Thomson 2012) . In order to maintain its strong tourism profile, the Mauritian tourism industry is interested in growing new markets such as China, and continues to strive for new product development.
While there is some focus on natural assets, such as Ile Aux Aigrettes Nature Reserve, the Black River Gorges National Park, various waterfalls and the Seven-Coloured Earth of Chamarel, there is much scope for showcasing the educational value of these attractions and further highlighting the geodiversity of Mauritius. In addition, there is scope for expanding/improving the educational value of other geological attractions . From a tourism perspective, such scope can be realised via geotourism. Geotourism has recently been defined as a form of natural area tourism that especially focuses on landscape and geology (Newsome and Dowling 2010; Hose 2012) . In doing so, it promotes and develops tourism to sites of geological interest, and its importance continues to grow globally (see Dowling and Newsome 2006; Newsome and Dowling 2010; Dowling and Newsome 2010; Dowling 2011; Hose 2012) . There are clear benefits in recognising geological assets for tourism, given the desire to expand existing and to create new tourism attractions. Furthermore, such recognition and profiling of geodiveristy in Mauritius is likely to highlight and promote the conservation of geoheritage. Accordingly, the aim of this paper is to provide a brief account of selected geological and landscape attractions in Mauritius and consider them as 'geotourism destinations,' along with a consideration of where improvements, further developments and the educational value of geodiversity-based tourism can be recognised and fostered. volcanic rocks. The volcanic chronology of Mauritius, as described by Saddul (1995) , is detailed in Table 1 . Volcanic rocks ranging in ages from 10 to 0.1 million years make up the island (McDougall and Chamalaun 1969; Saddul 1995) . The geomorphology of Mauritius relates to the various lavas (Table 1) . According to Proag (1995) , the central uplands comprise younger formations that are surrounded by mountain ranges expressed as narrow escarpments (600-860 m ASL) of the Old Lava Series. The southern highlands (> 500 m) are formed from the Early Lava Series.
Undulating coastal plains and inland slopes that occur below 200 m ASL relate to the Recent Lava Series. Mauritius also has a varied coastline comprising beaches; erosional features such as cliffs, sea caves, arches and wave cut platforms where coral reefs are absent; depositional landforms (spits and bars) along the west and southwest coastline; and a shallow shelf with coral reefs encircle the north and east of the island .
Geoheritage Sites in Mauritius: Tourism Opportunity and Some Issues

Mountains and Viewscapes
Three mountain areas are considered here as current and future geotourism attractions. The first is Black River Gorges National Park, located in the southwestern mountainous region of the island, which is one on the most sought-after tourism destinations on Mauritius (Fig. 2) . In terms of landscape, intensive erosion by the Black River has resulted in the development of a high density fluvial system, reflected in the Fig. 1 The island of Mauritius deeply dissected character of the river valleys and gorges that characterise the region (Saddul 1995) . Visitor activities include sightseeing, hiking along variable distance trails and bird watching. In recent years, while at the same time appreciating the park, some visitors have noticed a decline in the maintenance and quality of tourism facilities, such as an absence of guided walks, closure of the visitor centre and poorly maintained trails (Tripadvisor 2011) . Visitor satisfaction is an important measure of tourism success and a de-facto indicator of how a site is monitored and maintained. It is important that visitor facilities, such as walk trails, viewing platforms, guided tours and interpretive panels, are continuously audited and maintained for purposes of visitor access and safety (Crawford and Black 2012) . It is additionally important that facilities are in good condition so that they contain visitors to designated pathways and access points, and for the preservation of site biophysical integrity. Furthermore, additional tourism experience opportunities lie in the development of geo-trails with staged interpretive panels explaining the geology and landscape at Black River Gorges National Park. Interpretive themes could include some interpretive panels on the mantle plume hypothesis (eg. Mahoney et al. 2002) , and also on how the different lava series have shaped the topography of Mauritius.
The second site is Piton du Milieu, located in the centre of Mauritius, with two peaks and a central trough and the adjoining Piton du Milieu reservoir. Currently, the area is not at all developed as a tourism resource, but there is scope for geotourism if attention is paid to explaining the various lava series that make up the central area of Mauritius and if special focus is put on rocks and structures in basalt outcrops. Piton du Milieu basalts exhibit columnar jointing that is well developed on the peaks, with inclined columns curving to almost horizontal.
Columnar jointing is the focus of some very important geotourism sites around the world, such as at the Hong Kong Geopark and The Giant's Causeway in Northern Ireland Crawford and Black 2012) . Columnar jointing is always interesting to tourists and provides for attractive photographic opportunities; however, it is difficult to explain and therefore needs proper explanation. For this latter reason, interpretation should be the centrepiece of geotourism that focuses on such features. This can be achieved through guided touring and the provision of suitable on-site interpretive panels. The importance of quality educational product development is emphasised by Crawford and Black (2012) , who investigated visitor understanding at the World Heritage Giant's Causeway in Northern Ireland. They found that the on-site interpretive panels did not meet visitor expectations and they recommended improvements, along with the provision of on-site interpreters and/or guided walks. There are many examples from around the world (e.g. Iceland and Hong Kong) of what can be done to enhance visitor learning and deepen the experience of viewing and photographing volcanic landscapes and columnar jointing (for example, Erfurt-Cooper 2010; Wittlich and Palmer 2010; Ng and McManus 2011) .
The third mountain site is a viewscape (Fig. 3 ) that is readily seen from the Trou aux Cerfs crater (see later).
Relict mountains with strong erosional features are visible at the edge of the central plateau. Currently, there is no information available to tourists who visit the observation point as what the mountains represent geologically. This site provides the opportunity to consider the different lava series on Mauritius, and there is scope to explain the relationship 
Craters
Trou aux Cerfs is a well-defined volcanic cone and crater, although thick vegetation masks the rock outcrops (Fig 4) . It comprises a circular, water-filled depression, 350 m in diameter and 80 m in depth. Johnson et al. (2010) believe that it may be a monogenetic cinder or tuff cone, like the many cones that cap and postdate oceanic shield volcanoes, such as those of Hawaii. The area has been developed as a tourist destination with good accessibility, with recreational tracks around the crater. However, information about the crater and its setting is lacking and there is no mention of geological history. Much more could be made of the volcanic legacy of the region through the use of interpretive signage and informed tour guiding. On-site geo-education in relation to types of volcanoes, eruption history and types of volcanic rocks (tuffs and basalts), in the form of on-site panels or even through the development of a visitor centre, would enhance its scientific importance and geotourism potential. Its educational value can be achieved by encouraging people who are visiting the site to connect with the current landscape and to appreciate the role that the crater has had in shaping the environmental history of the region. This could be achieved by the provision of guiding services, which could be part of existing tour operator services currently transporting tourists to the site for its scenic values.
Lava Caves
Lava caves form in Hawaiian-type pahoehoe lavas, where liquid lava, flowing in tubes underneath a cooled and solidified lava crust on the exterior, drains out from the tubes, leaving a cave behind. The current information gathered about these caves reflects the importance of conducting surveys and resource documentation. In 1998, Middleton reported a total of 114 caves with 170 entrances along a total length of 12,810 m in Mauritius. Tourism values of the caves include populations of birds (Collacadia francica) and bats (Tadarida acetatabulosus) and specialised cave fauna, as well as cultural, scenic and geological values. Middleton (1998) raised the issue of a lack of information in those caves that at the time had become sites of recreational interest. As in all cases of tourism that focus on natural features, it is important to conserve the site and Middleton (1998) noted that in the past, Mauritian lava caves had been subject to entrance closure, rubbish dumping, vandalism, pollution of cave waters and exploitation of wildlife. Such important tourism resources need a tourism and conservation strategy. Lava caves can readily be developed in the same way as carbonate show caves, where there is often restricted entry, ranger supervised guided tours, low intensity lighting, boardwalks, barriers at stopping points and in-cave interpretive panels (e.g. Anderson 2010) . Middleton (1998) proposed the idea of a Plaine des Roches Lava Caves National Park and the development of selected tourist caves where guided tours could be conducted. Such tourism development requires the establishment and maintenance of infrastructure such as pathways, boardwalks and lighting, along with relevant interpretation of the cave ecosystem and geology. Middleton (1998) also emphasised the importance of local community/stakeholder engagement, so that any tourism plans had local community input and that local people could relate to any financial and employment opportunities potentially delivered by tourism. The points raised by Middleton (1998) comprise the principal focus of the global geopark movement today. (Fig. 5) . It is an ancient volcanic cone, phreatomagmatic (Surtseyan) in nature, due to the shattering of basaltic lava when in contact with seawater, forming fine ash and fragments. Well-developed layering of solidified ash (tuff) can be clearly seen in exposed areas around the cliffs. Because of the importance of the island's ecosystem and in some cases fragile geology, the best approach to developing geotourism would be via niche/restricted access tours. Such tours, if properly managed, could be an asset to the island in terms of fostering public interest and funding, while at the same time proving to be an attractive proposition to tourists, because of the necessity of small group sizes and the need to book for access. Guided touring could focus on wildlife, ecological restoration, lithology of volcanic rocks and geological controls on habitats and soil development and conservation.
Waterfalls
Waterfalls are prominent tourism attractions throughout the world. Waterfalls are generally visited for their aesthetic appeal, for relaxation purposes and in order to take photographs. Hudson (2004) observes that access to waterfall sites is often facilitated by the provision of directional signage, footpaths, lookouts, viewing platforms, handrails, fencing and safety concern information. The more people visit a waterfall, the more likely the site needs these facilities. In recent years, the rise of adventure-related recreational activities has expanded the use of waterfall sites for abseiling, tubing, canyoning and rafting, all of which can change the aesthetic character and relaxation appeal of a waterfall for a significant segment of the visiting public.
Very few waterfalls have on-site interpretation that explains the nature of geology and water flow. The Iguassu Falls in South America, recognised as one of the most impressive waterfalls in the world, has three panels pertaining to the geology of the waterfall. However, studies carried out by Moreira (2012) indicate that there is much room for improvement. She concluded that the effectiveness of existing panels could be improved by redesigning and relocating them, along with the provision of an education programme for guides and teachers who lead groups to the falls. Moreira's (2012) work, and the almost total lack of suitable interpretive panels at other waterfalls around the world, highlights the need for substantial improvement in this area. Notwithstanding the above observations, and in relation to the largest waterfall in England (High Force and the associated Low Force), the North Pennines Area of Outstanding Natural Beauty (AONB) and European Geopark Geodiversity Action Plan (2010) (2011) (2012) (2013) (2014) (2015) provide an excellent example of what can be done to implement geoconservation and education. While the plan outlines strategies for increasing awareness of geodiversity via publications, the development of geotrails, guided walks and site interpretation, another document, the North Pennines AONB Geodiversity Audit (2010), provides detail on the geology of the area.
Mauritius has several impressive waterfalls, and in the southernmost region, the Rochester Falls provide a suitable location for geotourism. Here, water from the Savanne River falls from a height of about 10 m over basalt blocks, producing a cascading effect. The falls reveal spectacular columnar jointing in basalt formed by the contraction of lava during cooling. Though Rochester Falls offer magnificent views and opportunity for geo-interpretation, the site is poorly developed, not even having proper access roads.
In contrast, one of the best known waterfalls in Mauritius is the Chamarel waterfall (Fig. 6) , a highly visited site that exemplifies the issues surrounding waterfalls as tourism, attractions. Previously mentioned infrastructure is present in the form of hardened access paths and a viewing platform but as a geotourism resource the site suffers from poor maintenance and a lack of interpretation. Access paths are severely eroded (Fig. 7) , and the viewing area is eroded and undermined by people stepping off the hardened viewing area to take photographs, possibly due to crowded conditions at peak visitation times. Site degradation constitutes a safety risk as more and visitors clamber off the viewing area and stand close to the edge of a cliff face in order to take photographs. Access path erosion is resulting in soil loss and tree root exposure, placing mature trees at risk of root damage and death, which in turn will destabilise the site further. Moreover, there is a lack of interpretation explaining the nature of the waterfall in terms of seasonal water flow, peak volumes and the role of geology.
In terms of conserving waterfalls and maintaining their aesthetic appeal for tourists, tourism managers need to be mindful of the impacts of high visitation at waterfall sites. Tourism impacts include vandalism and graffiti, soil erosion, damage to vegetation, degradation of facilities and over-development (Hudson 2004) . In terms of Mauritian waterfalls, this once again raises the question of conducting regular site assessments, as well as the need for planning for tourism pressure and avoiding over-exploitation of the site.
Landforms
The Seven-Coloured Earth of Chamarel is probably the most visited geological attraction in Mauritius (Fig. 8) . This is a small area (∼7,500 m 2 ) of unusually bare landscape, in an otherwise dense forest in southwestern Mauritius. It shows small-scale fluvial landforms with gently convex slopes and rounded interfluves, separated by sharply defined rills (Fig. 8) . The surface colouration exhibits various shades of red, purple, brown, yellow and grey, which resulted in its name. The multiple colours originate largely due to the chemical weathering of basalt and the formation of iron and aluminium oxides and hydroxides that impart various colours to the weathered rock .
Although there is a signboard explaining the formation of the multiple colours, the geological evolution of the landscape is not well documented at the site for visitors, resulting in tour guides passing on erroneous stories about its origin . Sheth et al. (2010) go on to point out the following scientific information available at the Seven-Coloured Earth of Chamarel:
This natural phenomenon is due to decomposed basalt gullies. The hot and humid climate helps in the decomposition of the basalt into clay. As a result of total hydrolysis (chemical breakdown of minerals by water), the soluble elements such as silicic acid and cations are washed, leaving a large composition of iron and aluminium, which constitute a ferralitic soil. The iron sesquioxides (Fe 2 O 3 ) have a red and anthracite colour, whereas the aluminium sesquioxides (Al 2 O 3 ) have a blue or purplish colour.
The interpretation panel contains a number of scientific words and this, coupled with inadequate explanation of the weathering system, results in the current information not being comprehendible to a wide variety of tourists, considering their potential range in age, education, experience and cultural origin. Reynard (2008) has discussed the importance of making geological information accessible to the general public and the need to accommodate a diverse tourist profile. He reiterates that it is important to avoid scientific terms and to simplify the vocabulary and to demystify counterintuitive concepts in geology.
As this site is perhaps the most recognised and obvious geological attraction on the island, it deserves a proper and comprehensive explanation. In particular, there is scope for developing interpretive themes regarding the nature of weathering, weathered products and the nature of erosion (Fig. 9) . This clearly is dependent on good interpretive signage and well informed and trained tour guides that can cater to a diverse tourism demographic.
Conway (2009) The importance of such a strategy lies in the importance of environment to visitors, something that was recognised in the tourism economy of Wales more than 10 years ago.
With over 50 % of the land area of Mauritius utilised for intensive agriculture, land degradation, in the form of topsoil losses, has emerged as a significant environmental problem (Atawoo and Heerasing 1997; MSIRI 2000; Yu et al. 2001) . Accordingly, from a geo-interpretive perspective, more can be made of the importance of using soils according to their environmental (ecological and carbon sink functions), economic (food production), social and cultural functions (how soils have shaped the development of Mauritius as an island nation). There is also the prospect for using soils to raise awareness about the sustainability of certain agricultural practices and climate change. Such interpretive content would add considerable depth to the educational experience at the Seven-Coloured Earth of Chamarel. The attraction could also be marketed as a demonstration site for ferralitic soils and rock weathering, with particular emphasis on the erosion and degradation of soils associated with human use of the landscape. In this latter context, there are interpretive opportunities in highlighting the importance of soils in the economy of Mauritius, and elsewhere in the world, and educating the general public about soil erosion problems.
Towards a Geotourism Strategy for Mauritius
This paper has highlighted some of the issues associated with existing nature-based tourism on Mauritius, and considered where tourism could be expanded to provide for geotourism. The initiation and development of geotourism and geoconservation in Mauritius could occur through a Local Geodiversity Action Plan (LGAP), such as described by Burek and Potter (2002) and Larwood (2005) . Burek (2012) simply states that a LGAP is an integrated, targetled action plan to safeguard the geodiversity of an area often of county size. Burek (2012) goes on to emphasize that such plans break down what appear to be large and complex projects into smaller parts, according to a time schedule with specific targets and actions. Objectives of LGAPs include increasing public awareness of geodiversity, ensuring that geodiversity is identified and establishing relationships between key stakeholders such as conservationists and the tourist industry. For geotourism to be successfully employed in Mauritius it is important to conduct site assessments, review the available literature, identify key stakeholders, evaluate geo-activities and attractions, and assess access and risk factors. The preparation of a geotourism development and conservation plan, akin to the LGAPs described by Burek (2012) , is essential to this process.
As education and interpretation are fundamental components of geotourism, the way in which geo-information is to be delivered also needs to be specified in the plan. Geotourism can be conducted via independent visits to geological features, tourist use of geological trails and view points, via professionally guided tours and patronage of visitor centres that focus on geology and landscape. Examples of successful geotourism destinations include the Grand Canyon National Park and Hawaii Volcanoes National Park in the USA, the Jurassic Coastline of Southern England, the volcanic landscapes of Iceland and the extensive network of geoparks in China. Developments in fostering geotourism thorough education include innovative interpretive signage, visitor centres, museums, geotrails, urban and coastal trails focusing on geology and landscape, drive trails, the development of field guides and books, and use of technology such as interactive maps and downloadable MP3 audio files (Dowling and Newsome 2010; Newsome and Dowling 2010; Newsome et al. 2013) .
Guiding literature is available on how to conduct geotourism as indicated by Hughes and Ballantyne (2010) and Hose (2012) , who stress the importance of the development of interpretation plans and signage for geotourism. They consider the advantages and disadvantages of using interpretive signage, while at the same time providing guidance on approaches to content, route planning for geotrails and the selection of effective text for interpretive panels. Furthermore, Black and Weiler (2005) assert that guided touring is a powerful interpretative strategy, with a guide being able to positively influence the experience of tourists in a natural area. Guides also need to be qualified, trained and certified (Black and Ham 2005) . Useful strategies have been employed in the UK, with geodiversity training initiatives for selected school teachers occurring in Wales (Wood and Campbell 2007) .
A particularly impressive example of a commitment to foster geotourism has been in the development of the Hong Kong geopark, where important geosites have been identified and documented, local communities have become involved, and an extensive array of educational materials produced in the form of visitor centre development and upgrades, auditing of and re-development of on-site interpretive panels, the creation of new sets of informative panels, the production of books, and an interactive map that can easily be carried by tourists . Most notable of all, however, is the creation of a geo-tour guide training programme where volunteer guides receive guiding instruction in the field and attend lectures and workshops. To become a fully recognised geopark guide in the Hong Kong Geopark, participants must gain a minimum of 40 h geotour guiding, display knowledge of environmental conservation, geodiversity, geoconservation and show understanding of how Hong Kong Geopark is managed. In addition, the guides must display awareness of risk assessment, be cognizant of first aid and be able to demonstrate the enthusiasm that all effective guides need to impart to a particular tour group (Ng and McManus 2011) . Another example of significant and successful moves to promote tourism-related interest in geology and geoconservation is evident at the GeoMon/Anglesey Geopark in Wales. Here, publications, mobile phone apps, geotrails and guided touring have been developed in the promotion of and appreciation of geodiversity (http://geomon.co.uk/). The tourism industry of Mauritius can learn from such international examples, and engage with the available literature in relation to the recognition of its geoheritage and the related tourism potential.
Conclusion
Existing geological attractions in Mauritius include the Chamarel Seven-Coloured Earth and the Black River Gorges National Park. In order to maintain quality and further develop these and other geological attractions in Mauritius, such as volcanic craters, lava tubes, mountain landscapes and waterfalls, tourism plans need to be preceded by an analysis of existing infrastructure in relation to its utility and integrity, and explore the scope for environmental interpretation in fostering high visitor satisfaction. Accordingly, some of the natural sites in Mauritius can be developed as geotourism resources according to a strategy that employs the following criteria:
1. An inventory of geosites (characteristics, conservation status, existing impacts, existing management strategies). 2. Tourism analysis (product development, access, safety considerations, facilities required). 3. A programme of stakeholder collaboration. Stakeholders include government representatives, industry, local community, conservation groups and tourists themselves. 4. Geotourism product development (site presentation, site protection, visitor management, education/interpretive programme and monitoring mechanism).
Such an approach to the island's geological assets will aid in raising awareness about the geology of Mauritius, help to foster geoconservation and provide scope for an expanded tourism product in Mauritius, thus benefitting all stakeholders, including future generations and the Earth.
